Abstract. Distribution functions are found for some models of mass distribution in infinitely thin disks with an elliptical velocity distribution (Maclaurin, Kuzmin-Toomre, Hénon and Mestel disks).
INTRODUCTION
Equilibrium and stability of infinitely thin gravitating disks were studied by many authors. Such models can be considered as a natural idealization for highly flattened stellar systems (S0 and spiral galaxies). To find steady distribution functions (hereafter DFs), further development of theories of stability, generation of spiral structure etc. (e.g. Fridman & Khoperskov 2011 ) is necessary.
First DFs for disks were diskovered by Freeman (1966) for the disk limit of homogeneous ellipsoids and by Miyamoto (1971) for the Kuzmin-Toomre disk. The general theory was developed by Aoki (1973) , Kalnajs (1975) , Ossipkov (1978 Ossipkov ( , 2012 , Turakulov (1983) , Hiotelis & Patsis (1993) . In this paper, some new models of steady axisymmetric disks are considered. We restrict ourselves with the simplest case when a quadratic form in velocities is the only argument of the DF. Hence, the velocity distribution of our models is elliptical. Such models are disk analogs of known spherical models with an ellipsoidal velocity distribution (Ossipkov 1979; Merritt 1985) .
GENERAL CONSIDERATIONS
) a positive gravitational potential; Σ(r) = Σ(R) be the surface density. A stationary model for a selfgravitating axisymmetric disk is considered constructed if the functions f , Φ, Σ are known and satisfy the following equations:
Here G is the gravitational constant and δ is a delta function. It follows from the collisionless Boltzmann equation (1) that DF is a function of two isolating integrals of star motion in the z = 0 plane (the Jeans theorem), namely:
) (integrals of energy and angular momentum).
It is possible to construct models starting with DF F (E, L z ) and solving Eqs (2), (3) (deductive models according to Kuzmin & Veltmann 1967) . Such models were suggested by Ng (1967) , Shu (1969) , Lafon (1976) and Zweibel (1978) who assumed a modified Schwarzschildian velocity distribution. We prefer another way of constructing models. We start with a potential Φ or a surface density Σ and find the DF from the integral equation (3). Kuzmin & Veltmann (1967) called such models inductive. To construct inductive models starting with a surface density, it is necessary to solve the Poisson equation (2). Reviews of the problem can be found in the books by Fridman & Polyachenko (1984) , Binney & Tremaine (1987) and Kondratiev (2007) .
The following principal difficulties of constructing inductive models are known. Only a part of the DF that is even in velocities can be found from the integral equation (3) (Kuzmin & Kutuzov 1962 , Lynden-Bell 1962 . Below we assume for simplicity that the odd part of the DF vanishes. Hence, our models will not rotate. Equipotentials and equidensities will coincide inside the disk; then, the choice problem appears (as for spherical systems): a set of solutions of Eq. (3) exists. At last, there is no guarantee that a solution of Eq. (3) will be positive everywhere.
THE INTEGRAL EQUATION FOR THE DF
We suppose that the potential U (R) is a monotonously decreasing function.
where R * is the boundary radius. Also, set
with (R/a)
The integral equation (3) can be written in the following form (Ossipkov 2012) :
where ξ
If Ψ = Ψ(x), as we assume, it follows from Eq. (8) that
Denote
and rewrite Eq. (9):
Hence, (Kalnajs 1975; Ossipkov 1978) . A formula for the dispersion of radial velocities σ 2 R can be easily found from Eq. (9):
4. EXAMPLES
A disk with a quadratic potential.
First we recall the DF for a disk limit of a homogeneous ellipsoid (Ossipkov 1978 , there is a lot of misprints in that paper). In this case,
and the surface density:
(e.g. Fridman & Polyachenko 1984; Binney & Tremaine 1987) . Then
where M is the mass of the disk, λ * = λR 2 * . Sometimes this model is called the Maclaurin disk (also the Freeman disk). Then, it follows from (12) that 
where M is the mass and R 0 is a scale parameter. We find that
where Ψ 0 = g 0 µ/π. There are misprints in some coefficients in the expression given by Ossipkov (1978) . If λ * = 0, then σ 
We restrict ourselves with an isotropic velocity distribution, λ = 0. Then:
(1 − 2µx) 3/2 + 2 − 3µx (1 − 2µx) 2 (1 − µx) 2 .
The Mestel disk with a constant circular speed.
The model has singularities at R = 0 and at infinity, and applying the above theory to the Mestel disk will be formal. We set y = 2Φ = −2v 
